ABSTRACT
INTRODUCTION
Yeast invertase (β-D-fructofuranoside fructohydrolase, E.C. 3.2.1.26) that catalyses the sucrose hydrolysis reaction has industrial interest for use to produce syrup from sucrose and molasses which has importance in the food industry. More recently this enzyme has been used as a sensor for continuous sucrose determination (Balasundaram and Pandit, 2001 ). Different methodologies have been proposed to increase enzyme release in the culture medium. The use of enzymatic inducers such as raffinose has given positive results in invertase release (Parascandola et al., 1993; Özcan et al., 1997; Brandão et al., 2002) . Ultrasound has been used to extract and release intracellular enzymes such as invertase from S. cerevisiae (Balasundaram and Pandit, 2001) , Phaffia rhodozyma (Persike et al., 2002) , Aspergillus niger (Vargas et al., 2004) and acid phosphatase and ATPase from S. cerevisiae (Bucalon and Palma, 1990 ) and β-galactosidase from Lactobacillus (Wang and Sakakibara, 1997) . In microbial cell cultures, high intensity ultrasound application ruptured cell walls, but low intensity ultrasound increased growth, promoted enzyme release, enhanced productivity in biological processes and, thus, could be a tool for improving biotechnological processes (Matsuura et al., 1994; Chisty, 2003) . Cell immobilization has some advantages when compared with free cell culture. The reaction speed can be accelerated and a high dilution rate can be used in continuous fermentation without causing cell washing and it is less susceptible to the effect of inhibitory compounds and nutrient depletion (Lima et al., 2001) . Many immobilization techniques for S. cerevisiae have been explored in several fermentation processes (Nigam, 2000; Navratil et al., 2001; Farid et al., 2002; Cibis et al., 2002; Rossi and Rocha, 2003; Yuengang et al., 2003) . However, these methods frequently present limitations in stability, mass transfer inside the support and difficulty in their large scale preparation.
They also require complex and sophisticated equipment that would increase production costs. Immobilization in lignocellulosic materials such as sugar cane bagasse, wood shavings, rice husks and straw also presents restrictions (Ogbonna et al., 1997) . However, the loofa (L. cylindrica) sponge is an excellent support for cell immobilization because it is cheap, highly porous and resistant to autoclaving, pH variation and temperature, and is an ideal material for use in developing countries (Ogbonna et al., 1994; Roble et al., 2003) . This study investigated the effect of raffinose and ultrasound pulses on invertase release from S. cerevisiae cells in continuous culture, both free and immobilized in L. cylindrica. In the ultrasound pulse, the probe was immersed 2.5cm in the culture. The culture was irradiated at a frequency of 20 kHz and amplitude 20. In free cells, the culture was sonicated for two minutes at a power input of 25 W, at the 0.12 and 0.46 h -1 dilution rates, while in the immobilized cells, at times of 1, 2 and 4 minutes, at a power input of 33 W at 0.10 h -1 dilution rate.
MATERIAL AND METHODS

Microorganism and culture medium
Assays
The samples removed from the fermented syrup were centrifuged at 5583g for 10 minutes and the supernatant used in the determinations. The invertase activity was determined by incubation at 37 o C of a mixture of 1 mL sucrose solution 0.3M, 3 mL acetate buffer, pH 4.7 and 1 mL culture supernatant that contained invertase. The samples were collected after 20 minutes and the reducing sugars released were determined using the dinitrosalicylic acid method (Miller, 1959) . One unit of enzymatic activity was defined as the amount of enzyme releasing 1 µmol of reducing sugar per minute in assay conditions. The specific activity was expressed in enzymatic activity units per mg extracellular protein.
The protein concentration was determined by the Hartree method (1972) using bovine albumin as standard. Sucrose hydrolysis was estimated by the difference between total sugar (Duboi et al., 1956) and reducing sugar.
Viability test
The culture viability was assessed microscopically with the aid of methylene blue (Thomas and Ingledew, 1990 ) and cell counting in Neubauer chamber.
RESULTS AND DISCUSSION
Immobilization S. cerevisiae cell immobilization in cellulose-rich materials has been little studied. Lamptey and Moo-Young (1987) Table 1 shows invertase production and sucrose hydrolysis in continuous fermentation by free S. cerevisiae cells and S. cerevisiae cells immobilized in loofa sponge. The highest values of enzymatic activity were detected at low dilution rates, in both free and immobilized cells; however, the enzymatic activity values ranged greatly. At the two lower dilution rates studied, the enzyme activity in free cell culture were higher compared to the immobilized cell cultivation. Pyn et al. (1999) studied the invertase expression in continuous culture by free S. cerevisiae containing the SUC2 gene cloned on a multicopy plasmid. Invertase activity measurements were based on the method involving whole cells and the highest value achieved was 259U/mg cells. Results obtained for free cells showed similar pattern with those of Kushi et al. (2000) who reported a decrease activity of inulinase with increasing dilution rates and high residual sugar concentrations were found. The presence of high residual sugar quantities led to lower enzyme activity which indicated a relation between enzyme activity and residual sugar. Invertase activity in continuous culture of S. cerevisiae cells immobilized in gelatin was assessed by Parascandola et al. (1993) . These authors found extracellular enzymatic activity values higher than in the present study as a value of 12 U/mg was achieved. In present study, the low enzymatic activity values found in immobilized cells were probably because of the large quantity of biomass immobilized in the support due to the excellent property of the loofa sponge as support for immobilization and the strain used presents great readiness for flocculation. Consequently, stratified layers of cells formed that probably hindered the release of invertase from the interior of the immobilized biomass. This study also assessed the hydrolysis of the sucrose present in the culture medium. The hydrolysis was practically total, over 97% at low dilution rates in both free and immobilized cells. However, the hydrolysis values obtained were not satisfactory at the two higher dilution rates tested. Chang et al. (1996) assessed sucrose hydrolysis in continuous culture of S. cerevisiae cells immobilized in alginate capsules. The host strain used was S. cerevisiae SEY 2102 containing plasmid pRB58 with the SUC2 gene encoding invertase. Sucrose hydrolysis was maintained at 95% at dilution rates of 0.1 to 0.6 h -1 . Table 2 shows the results of raffinose pulse in free cells. The raffinose pulse was conducted at dilution rates of 0.12 and 0.46 h-1. it was less than 0.3 Umg -1 . Parascandola et al. (1993) investigated the effect of raffinose as carbon source in invertase production in large scale culture of free S. cerevisiae cells, and obtained an increase from 7 to 13 Umg -1 in specific invertase activity during the exponential phase. Brandão et al. (2002) investigated invertase activity under repressive and non-repressive growth conditions. For this, the S. cerevisiae cells were grown on different carbon sources: glucose, fructose, galactose and raffinose. The highest invertase activity value was obtained when raffinose was used as carbon source. The effect of raffinose pulse on immobilized cells is shown in Table 3 . Due to the low activity values obtained with free cells, at the 0.46 h -1 dilution rate, the raffinose pulse in the immobilized cells was conducted in 0.10 h -1 dilution rate. The values obtained, after applying the pulse, were 20.02 UmL -1 and 7.27 Umg -1 . Parascondola et al. (1993) cultivated immobilized S. cerevisiae cells on a large scale using raffinose for invertase production. These authors obtained an increase in specific invertase activity from 8 to 18 Umg -1 .
Invertase production
Raffinose pulse
Ultrasound pulse
The effect of the ultrasound pulse on free cells is shown in Table 2 . The ultrasound pulse was conducted at 0.12 and 0.46 h -1 dilution rates. At 0.12 h -1 dilution rate, the activity increased 17% (Fig. 1) . The values obtained after applying the pulse were 70.97 UmL -1 and 29.38 Umg -1 . At the 0.46 h -1 dilution rate, the results varied but presented low magnitude (Fig. 2) . Bucalon and Palma (1990) investigated the effect of sonication on the start of a batch S. cerevisiae culture. Cell radiation with frequency of 1.8 mHz and intensity of 200mWcm -2 caused a slight increase in the phosphatase and ATPase activity. However, there was a large increase when the frequency of 20 kHz and intensity of 10Wcm -2 were applied. Lanchun et al. (2003) observed that ultrasound application on a Saccharomyces cerevisiae batch culture at frequency of 24 kHz and power input of 2W raised the proteinase activity values by 24%. Vargas et al. (2003) assessed the ultrasound application time on invertase release in batch S. cerevisiae culture. The greatest enzymatic activity detected without causing cell rupture was 1.08 UmL -1 , using frequency of 20 kHz, amplitude 40, intensity of 0.62 WmL -1 ultrasound radiations and up to five minutes sonication. The effect of ultrasound on S. cerevisiae cells immobilized in loofa sponge is shown in Table 3 . Due to the low activity values obtained with free cells at the 0.46 h -1 dilution rate, the ultrasound pulse on the immobilized cells was conducted at 0.10 h -1 dilution rate. The sonication times used were 1, 2 and 4 minutes. At the one minute time, the activity values were 22.20 UmL -1 and 8.09 Umg -1 , respectively, after pulse application. At the two minute time, the values obtained were 31.21 Umg -1 and 9.70 Umg -1 , after five minutes ultrasound application (Fig. 3) . These values represented an increase of 100 and 86 %, respectively. At the 4 minutes sonication time, the values obtained were 18.88 Uml -1 and 7.32 Umg -1 . Therefore, the best ultrasound application time in immobilized cells was 2 minutes. The cell viability was assessed at 5, 15, 55, 90 and 120 minutes, after applying ultrasound to the cells. The viability rate was over 95% at the sonication times of 1 and 2 minutes. However, in the 4 minute application, a mortality rate of up to 46% was ascertained (data not shown). The ultrasound pulse, at low frequency and for a short period increased cell permeability, consequently compound release was high. In this study, an increase was obtained in protein release that was mostly invertase, shown by the increase in the specific activity. The present study confirmed loofa sponge as an excellent support for S. cerevisiae immobilization due to the high values of biomass aggregated to it but it hindered invertase release. Consequently, the invertase activity values were low in immobilized cells, at low dilution rates, when compared to the values obtained in free cells. Therefore, the immobilization of S. cerevisiae cells in Luffa cylindrica was shown not to be a suitable method for invertase production. The values obtained with the raffinose pulse were lower than those with ultrasound, both in free cell culture and in immobilized cell culture. In this study, the use of ultrasound pulse increased invertase release, and therefore, its application could be promising in improving biotechnological processes.
RESUMO
Neste trabalho investigou-se o efeito de pulsos de rafinose e ultra-som, na liberação de invertase de Saccharomyces cerevisiae livre e imobilizado em Luffa cylindrica. A cultura de células livres foi submetida a pulso de rafinose 2% e irradiada por 2 min, nas taxas de diluição 0,12 e 0,46 h -1 . A cultura de células imobilizadas foi submetida a pulso de rafinose e irradiada por 1, 2 e 4 min, em taxa de diluição 0,10 h -1 . Em células imobilizadas, o pulso de rafinose aumentou a atividade invertásica de 5,38 para 7,27 U/mg. Entretanto a aplicação do ultra-som, em cultivo de células livres na taxa de diluição 0,12 h -1 , obteve-se os melhores resultados. A atividade variou de 25,08 para 29,38 U/mg, enquanto que o aumento em células imobilizadas foi de 5,22 para 9,70 U/mg, quando sonicadas por 2 min. Esses resultados demonstram que a aplicação de ultra-som, em cultivo contínuo de células livres, pode ter um grande potencial de aplicação em processos biotecnológicos.
